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ABSTRACT 
The Loyalhanna Formation (0-20 meters thick) of central 
Pennsylvania is a mixed carbonate-siliciclastic unit of 
Mississippian age.  Field and laboratory investigation of the 
sedimentary and biogenic structures, composition, and texture of 
the Loyalhanna in Centre County, Pennsylvania led to the 
recognition of three distinct lithofacies. 
The calcareous sandstone facies is composed mainly of 
varying scale and style cross-stratified, commonly calcareous, 
sublitharenites or feldspathic litharenites.  Conglomeratic ^ 
carbonate intraclasts showing soft sediment deformation features 
forming lags along truncation surfaces or dispersed in 
cross-stratified units are common.  This facies probably 
represents deposition in a subtidal channel environment. 
The shale facies is composed of interbedded shales, 
siltstones, and sandstones with abundant carbonate intraclasts 
and a few thin, discontinuous carbonate beds and algal laminites. 
Flaser, lenticular, and interlayered sand and mud bedding showing 
varying degrees of bioturbation are characteristic.  This facies 
is interpreted as having been deposited in a tidal flat 
environment. 
The noncalcareous sandstone facies is composed largely of 
cross-stratified, massive, or planar-bedded sublitharenites. 
This facies is characterized by an absence of carbonate, greater 
degree of compositional and textural maturity, and somewhat 
i 
coarser-grained nature.  This facies is interpreted as having 
been deposited in a high-energy intertidal environment, possibly 
as sandbars or beach sediments. 
Loyalhanna sedimentation is interpreted as tide-dominated, 
though probably influenced by storms and wave action.  A marine 
i 
environment is indicated by the occurrence of marine fossils and 
fossil fragments in the calcareous sandstone and shale facies, 
and variable sorting and forset dip directions, presence of mud 
chips and flat-crested ripples, and association with other martine 
deposits in the noncalcareous sandstone facies.  Evidence for a 
tidal origin is suggested by the presence of cross-stratified 
units of varying scale and style exhibiting reactivation 
surfaces, variable foreset dip directions, and sharp set bounding 
surfaces with intraformational, conglomeratic carbonate lags, 
interference and flat-crested ripple marks, lenticular and flaser 
bedding, and algal laminitesl  Significant, though probably 
intermittent and localized, deposition of carbonate is indicated 
by the presence of thin carbonate beds and algal laminites 
interspersed in sequence of terrigenous sediments, and abundant 
carbonate intraclasts. 
INTRODUCTION 
The Loyalhanna Formation (Mississippian) of central and 
north-central Pennsylvania is a tongue of the Greenbriar 
carbonate sequence of Maryland and West Virginia'(Edmunds, et 
■al., 1979) noted for its large-scale cross-bedding.  Ranging up 
to about 30 meters thick (20 meters thick in central 
Pennsylvania), the Loyalhanna is typically a sandy limestone in 
the southern part of its area of occurrence and exhibits a 
general northward increase in terrigenous content (Flint, 1965; 
Adams, 1970).  As recently as the early 1970's the Loyalhanna was 
thought to be absent north of Altoona, Pennsylvania.  However, 
Wells (1974) extended its outcrop along the Allegheny Front over 
150 kilometers beyond the previous limit.  Within this region 
Berg (1980) reported the presence of a noncalcareous facies of 
the Loyalhanna.  However, the extent and the relationship of this 
noncalcareous facies to the "typical" Loyalhanna was not 
determined. 
Previous paleoenvironmental studies of the Loyalhanna have 
been based largely on analyses of mineralogical and textural data 
(Salver, 1962); at best in conjunction with examination of 
cross-bedding characteristics (Adams, 1964; 1970).  In contrast, 
most recent environmental reconstructions emphasize fossils, 
trace fossils, and the assemblage of sedimentary structures in a 
particular deposit with supportive evidence from paleocurrents 
and mineralogical and textural attributes. 
Early workers (Butts, 1924; Hickock and Moyer, 1940) citing 
the presence of large-scale cross-beds and a paucity of fossils 
suggested an eolian origin for the Loyalhanna.  Others 
(Rittenhouse, 1949; Salver, 1962; Flint, 1965) citing the 
correlation with marine limestones to the south and the presence 
of occasional marine fossils or fossil fragments favored a marine 
origin.  The most comprehensive and widely cited study of the 
Loyalhanna is that of Adams (1964, 1970).  Adams (1970) 
interpreted the cross-beds of the Loyalhanna as having been 
deposited as sand waves on either a shallow marine shelf or in 
migrating channels associated with a barrier island complex. 
Adams' interpretations are based principally on analyses of 
regional grain size distributions and a paleocurrent study as he 
reported an absence of sedimentary structures other than 
cross-beds, horizontal beds and a few burrows.  Berg (1980)  '';.' 
briefly described a noncalcareous facies of the Loyalhanna from 
Centre County, Pennsylvania and tentatively assigned an eolian 
origin, citing the need for further study.  Wells and Bucek 
(1980) suggested that the Loyalhanna cross-beds formed as sand 
waves in a shallow subtidal environment, either in lagoons, tidal 
inlets, or offshore.  However, definitive evidence was not. 
offered to support this interpretation as the few sedimentary 
structures noted in that study occur in a variety of 
environments. 
With the northward extension of the Loyalhanna outcrop belt 
offering new sections for study and the discovery of a 
noncalcareous facies, a reexamination of the Loyalhanna is 
warranted.  A study emphasizing sedimentary structures but also 
using paleocurrent, compositional, and textural attributes seemed 
a more promising approach to the problem of Loyalhanna 
depositional environments.  The purpose of this study is to 
develop a depositional model for Loyalhanna sediments in a part 
of north-central Pennsylvania. 
Geologic Setting and Location 
In central and north-central Pennsylvania the Loyalhanna 
crops out in a narrow band along the Allegheny Front in the 
Appalachian Plateaus physiographic province.  The region is 
characterized by nearly horizontal to gently folded sedimentary 
rock with high erosional topographic relief (up to about 300 
meters) and extensive forest cover.  In general, the Loyalhanna 
is poorly exposed, and caps the tops of a few higher hills or 
ridges immediately adjacent to the Allegheny Front,  This study 
was conducted in the western part of Centre County, Pennsylvania. 
Limited access, rugged topography, forest cover, and the limited 
extent of the Loyalhanna restricted sampling and study points to 
the quarries and roadcuts shown in Figure 1. 
Limits on the lateral extent of the Loyalhanna in this 
region are not well defined; to the west of this narrow band 
along the Allegheny Front, the Loyalhanna, Mauch Chunk, and basal 
Pottsville are absent.  The classical explanation for the 
disappearance of these units is to infer the presence of a major, 
regional unconformity so that the Loyalhanna and Mauch Chunk are 
absent as a result of pre-Pennsylvanian erosion and the basal 
Pottsville due to non-deposition.  In contrast, some workers 
(Glass, et al., 1977) have speculated that the Loyalhanna may 
disappear by depositional thinning or facies change.  However, 
resolution of this problem is beyond the scope of this study and 
must await detailed study of the entire Carboniferous section of 
the area. 
Stratigraphy 
Butts (1904) proposed the name 'Loyalhanna Limestone' for a 
cross-bedded, sandy limestone to calcareous sandstone which 
occupies the stratigraphic position between the Burgoon Sandstone 
and the Mauch Chunk Formation in exposures along Loyalhanna Creek 
in Westmoreland County, Pennsylvania.  Based on stratigraphic 
position and lithology, the Loyalhanna has been correlated with 
the basal member of the Greenbriar Formation of Maryland and 
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northern West Virginia (Martin, 1908), the Trough Creek Limestone 
Member of the Mauch Chunk Formation in the Broad Top region of 
Pennsylvania (Reger, 1931), and the Fredonia Limestone Member of 
the Union Limestone Formation of the Greenbriar Group of southern 
West Virginia (Reger, 1931; Wray, 1952).  Wells (1974) extended 
the outcrop area of the Loyalhanna along the Allegheny Front from 
the Altoona area into Sullivan County and noted that in part of 
north-central Pennsylvania a wedge of Mauch Chunk was deposited 
prior to the Loyalhanna.° Edmunds, et al. (1979) treat that 
portion of the Loyalhanna as a member of the Mauch Chunk 
Formation (Figure 2).  Details of regional stratigraphic 
relationships are given by Adams (1964, 1970), Wells (1974), 
Glass, et al. (1977), Edmunds, et al. (1979), and Arkle, et al. 
(1979). 
In correlating the Loyalhanna with the Fredonia Limestone, 
Reger (1931) implied a late Meramecian (Late Middle 
Mississippian) age.  However, Wells (1950) reported an absence of 
Meramecian invertebrates in the Greenbriar of northern West 
Virginia and assigned a Chesterian age (Late Mississippian) to 
the entire Union Limestone in that region.  Wray (1952) examined 
an endothyroid foraminifera-pelecypod assemblage from the upper 
Greenbriar of northern West Virginia and suggested a late 
Chesterian age.  On the basis of a conodont assemblage, Uttley 
(1974) assigned a Meramecian age to the Loyalhanna in northern 
Figure 2.  Some aspects of regional stratigraphy - Mississippian System 
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West Virginia and southern Pennsylvania.  Arkle, et al. (1979) 
and Edmunds, et al. (1979) treat the Loyalhanna as late 
Meramecian in age. 
According to Adams (1964, 1970), the Burgoon-Loyalhanna 
contact is disconformable.  However, Edmunds, et al. (1979) 
questioned the reality of this disconformity and postulated that 
the Burgoon-Loyalhanna relationship is that of a transgressive 
marine unit encroaching on a depositionally static alluvial 
plain.  Where the Loyalhanna is overlain by the Mauch Chunk 
Formation, the upper contact is conformable; however, in some 
areas the Loyalhanna is disconformably overlain by the Pottsville 
Group.  Figure 2 shows some aspects of the regional stratigraphic 
relationships; the stratigraphic nomenclature that corresponds to 
this study is given under "Southwestern and Central 
Pennsylvania". 
Methods 
In the field, gross lithology, bedding types and thickness, 
nature, of contacts, and the presence of physical and biogenic 
sedimentary structures were recorded at all exposures.  Although 
lack of exposure precluded a significant paleocurrent study, 
directional properties of cross-bedded units were recorded where 
possible.  Sampling was designed to emphasize lithologic 
variations in different bedding types. 
10 
The general composition of the framework portion of all 
arenaceous samples was determined by standard microscopic 
examination of thin sections.  Compositional estimates were based 
on 300 point counts per thin section using a 1 mm x 1mm linear 
grid system.  Classification was accomplished using a slight 
modification of the system described by Folk (1970) whereby all 
polycrystalline quartz grains, with the exception of those of a 
plutonic origin which are classified as, feldspars, are treated as 
rock fragments.  Samples composed dominantly of carbonate were 
qualitatively examined and classified using both the systems of 
Folk (1962) and Dunham (1962).  Identifications of fossils and/or 
fossil fragments were based on morphology and details of skeletal 
microarchitecture after Horowitz and Potter (1971). 
Additional details of bedding types, orientation of burrows, 
and qualitative estimates of sorting were obtained by macroscopic 
and microscopic examination of slabbed sections. 
Identification of clay minerals was accomplished using a 
Philips Powder Diffractometer.  Standard sedimentary techniques 
were used to separate the finer than 2 micron fraction and 
oriented mounts were prepared after Drever (1973).  See Appendix 
I for detailed description. 
Calcium carbonate content was determined by weight loss 
after leaching with hydrochloric acid. 
11 
Lithofacies - Distribution and Description 
On the basis of gross lithology and associated sedimentary 
structures, three distinct lithofacies were identified within the 
study area; informally designated as the:  (1) calcareous 
sandstone facies, (2) shale facies, and (3) noncalcareous 
sandstone facies.  Due to the limited areal extent of the study 
and the limited occurrence and distribution of exposures, 
regional facies trends could not be determined.  However, 
calcareous sandstones and shales have been noted (Adams, 1964, 
1970; Wells and Bucek, 1980) throughout much of the outcrop area 
of the Loyalhanna.  The extent of the noncalcareous sandstone 
facies is uncertain.  It thickens to the north in the study area 
but its presence has not been reported by other workers (Wells 
and Bucek, 1980) in the Huntersville quadrangle or other areas to 
the north of the study area.  Hickok and Moyer (1940) report a 
noncalcareous, loosely cemented sandstone at the stratigraphic 
position of the Loyalhanna which may represent this facies.  In 
addition, though other workers have noted the presence of the 
Loyalhanna at the study site on Rt. 322 (see Appendix II), none 
reported the presence of the noncalcareous sandstone facies. 
Further study is required in order to extend correlations to 
other geographical areas. 
%> 
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Calcareous Sandstone Facies 
This facies represents the "typical" Loyalhanna, composed 
largely of cross-bedded, calcareous sandstones.  These sandstones 
range from greenish-gray (5G6/1) to pale grayish-orange (10YR8/4) 
in color with light to medium dark gray (N7-N3) carbonate 
intraclasts.  Small crystals of pyrite or marcasite, often 
altering to iron oxides, are occasionally associated with 
greenish colored samples.  Calcium carbonate content varies 
widely; with carbonate occurring as allochemical grains, micrite, 
sparry cement, and intraclasts which range up to cobble size. 
The weight percentage of calcium carbonate in fine sandstone 
i 
samples lacking visible (larger than sand size) carbonate 
intraclasts ranged from 0.0 percent (2 samples) to 18.6 percent, 
with intermediate values of 3.5 percent, and 9.7 percent.  In 
general, the detfital component of these sandstones is 
fair-to-poorly sorted, commonly containing significant amounts of 
silt and clay.  Occasional samples or portions of a sample, 
however, were well-sorted. 
Figure 3 illustrates the composition of the terrigenous 
component of these sandstones based on petrographic analyses. 
Monocrystalline quartz was most abundant constituent in all 
samples, ranging from 74.8 to 82.7 percent and averaging (7 
samples) 77.7 perqent.  Rock fragment content ranged from 10.0 to 
15.3 percent with a mean of 13.6.  Feldspar content ranged from 
13 
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6.5 to 11.3 percent and averaged 8.7 percent.  In"order of 
abundance, sparry calcite, quartz, microcrystalline quartz and 
clay/mica aggregates, and iron oxides act as cements.  The most 
abundant matrix materials are muscovite/illite, fine-grained 
quartz and feldspar, chlorite, kaolinite and micrite.  Analysis 
of the finer than 2u clay minerals indicates that chlorite and 
kaolinite are.,, present only rarely.  Illite was present in all 
samples.  Figure 4.illustrates the clay mineral distribution. 
Using a modification of the system of Folk (1970) the 
majority of these sandstones are classified as calcar-e-ous 
sublitharenites or in samples lacking carbonate, simply 
sublitharenites.  Two samples are classified as calcareous 
feldspathic litharenites.  Since the majority of rock fragments 
in all samples are metamorphic in origin, the term phyllarenites 
is also applicable. 
According to the classification system of Folk (1962), the 
dominantly calcareous sediments in this facies are sandy, 
disturbed microcrystalline rocks.  By the system of Dunham 
(1962), they are wackestones (mud supported with greater than 10 
percent grains) or boundstones (original components bound 
together during deposition) in the case of the algal laminites. 
This facies occurs as a sequence of cross-stratified 
sedimentation units of varying scale and style, with occasional 
massive or planar beds.  In general, trough cross-stratified, and 
15 
Figure 4.  Distribution of finer than 2 micron clay minerals 
SAMPLE ILLITE    KAOLINITE/CHLORITE 
FACIES NUMBER (10A) (7A, I4X) 
1 x 
Calcareous 2 x 
Sandstone 
.5 x x 
4 x 
5 x x 
6 x 
7 x x 
Shale          8 x x 
9 x x 
10 x x 
11 x x 
12 x x 
13 x 
Noncalcareous      14 x 
Sandstone 15 x 
16 x 
x = present 
- = absent 
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massive or planar-bedded units are more abundant in the upper 
part of a vertical sequence through this facies (Figure 5).  The 
trough cross-stratified units occur as both solitary and grouped 
sets (terminology of Allen, 1963).  Set bounding surfaces are 
sharp, with lower surfaces which may be planar, irregular, or 
trough-shaped.  Solitary trough cross-stratified units are 
typically large-scale ranging from about 0.6 to 1.3 m thick, and 
commonly cut into other cross-stratified units.  Grouped sets are 
rare, the one observed occurrence consisted of small-scale units 
with set thicknesses of less than 0.1 tn.  Planar or massive beds 
range from about 0.04 to 0.3 m in thickness. 
The most abundant type of sedimentary structure in this 
facies is a large-scale (1.0-3.0 m thick) cross-stratified unit 
which is gradational between trough and tabular forms.  In these 
units, foresets are moderately to steeply dipping (up to about 
40°) but typically become tangential at the base, and bounding 
surfaces are planar to slightly curved.  These cross-stratified 
units approach a tabular, planar shape and they have been so 
described in the literature (Wells and Bucek, 1980) and 
throughout this work will be referred to as tabular units to 
avoid confusion.  Reactivation surfaces are occasionally present 
within these units.  In addition, some tabular cross-stratified 
units exhibiting low-angle foreset dips (about 10°-15°) and 
ranging up to about 2 m thick are present. 
17 
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Figure 5.  Vertical sequence of sedimentary structures - 
calcareous sandstone facies.  Note large-scale tabular 
cross-beds in lower part, cut by trough cross-beds, 
also sharp set bounding surfaces. 
Carbonate intraclasts, ranging up to cobble size are 
dispersed within cross-beds or may locally form conglomeratic 
horizons along truncation surfaces at the base of a cross-bed 
(Figure 6).  These intraclasts occur in a 'continuum from 
irregular to roughly discoidal forms exhibiting little or no 
mixing with the enclosing sediment ,to dispersions of lime mud. 
mixing with surrounding terrigenous sediment, to stretched out 
bands of lime mud paralleling foreset beds (Figure 7).  However, 
even;those clasts which exhibit little or no mixing contain 
scattered terrigenous grains.  Intraclasts showing an algal 
laminite structure, occasionally with weathering rinds, are 
common.  Precise identification (genus and species) of 
fossils/fossil fragments noted in1these clasts was not possible 
as they could not be separated from the lime mud matrix. 
However, the phylum (and class where possible) of fossils or 
follis fragments which could be recognized is given in a later 
section.  Where bands of lime mud parallel foresets, they may be 
cut by vertical burrows.  Overall, however, the degree of 
bioturbation throughout this facies is low. 
Individual laminae within foreset beds commonly exhibit 
marked compositional and grain size variations in an alternating 
sequence.  Laminae of very fine sand and silt with a high matrix 
content typically alternate with laminae of medium to coarse 
19 
Figure 6.  Carbonate intraclasts forming conglomeratic lag along 
base of large-scale cross-beds.  Note sharp and irregular 
(erosional) bounding surface.  Field book for scale is 18.5 cm 
in length. 
20 
•igure 7.  Bands of lime mud/sand paralleling foresets.  View 
is looking down on large float block" - calcareous sandstone 
facies. 
21 
sand, cemented by calcite, quartz, microcrystalline 
quartz-clay/mica aggregates, or iron oxides. 
Inadequate exposure precluded a significant paleocurrent 
study, however, foreset dip directions are highly variable. 
Opposing dips between adjacent cross-stratified units is a common 
occurrence. 
Shale Facies 
The designation of this lithofacies as the "shale facies" is 
meant to emphasize its fine-grained nature in comparison to the 
other facies of the Loyalhanna, not to imply that it consists 
entirely of shales.  It is characterized by interbedded shales, 
siltstones, and sandstones (Figure 8) and by a mixture of 
terrigenous and carbonate sediments.  In general, terrigenous 
sediments are more abundant than carbonate sediments; 
'' < i 
carbonate-dominated sediments do not occur in beds of more than a 
I 
few meters in lateral extent.  Depending on lithology, these 
sediments range in color from light olilve or bluish gray (5Y6/1 - 
5B6/1) to yellowish brown (10YR6/4) where dominated by a 
terrigenous component and from light to medium dark gray (N7-N4) 
where carbonate-dominated.  Small crystals or nodules of pyrite 
or marcasite are occasionally associated with green or bluish 
dolored sediments. 
In general, these sediments are very poorly sorted, with 
variable amounts of sand, silt, and clay present in all samples. 
22 
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Figure 8.  Interbedded sandstones, siltstones, and shales 
shale facies.  Note isolated trough at lower right. 
Sandy beds typically contain significant amounts of silt and clay 
as thin laminae or matrix material while shales commonly contain 
scattered sand grains.  Although several thin sections were 
prepared from this facies, only one was coarse enough to classify 
based on an analysis of the terrigenous sand fraction.  This 
sample (Figure 3) was composed of 78.5 percent monocrystalline 
quartz, 13.9 percent rock fragments (dominantly of metamorphic 
origin), and 7.6 percent feldspar.  This sample is classified as 
a sublitharenite.  Qualitative examination of thin sections 
suggests that muscovite is the most abundant mica.  Chlorite is 
present only rarely and seems largely, secondary in origin, 
occurring as isolated blue-green patches on bedding planes or 
within the sediment and as euhedral vermicular aggregates on 
terrigenous grains.  Biotite was absent in all samples.  Quartz 
silt was abundant in all samples examined. 
Analysis of the finer-than-2 micron clay mineral assemblage 
(Figure 4) indicates that illite, present in all samples, is the 
most abundant clay mineral.  However, in contrast to the other 
facies, kaolinite is present in significant amounts in most 
samples, though lacking in one sample.  Chlorite (distinguished 
by heating to 600°C, see Appendix I) is present in minor amounts 
in all samples containing kaolinite. 
Bedding types within this facies vary considerably, 
depending on the dominant lithology.  Pnterlayered sand and mud 
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bedding, either coarsely iriterlayered or thinly interlayered 
(Reineck and Singh, 1975, p. 107-108), is common (Figure 9). 
Flaser bedding is common in sandy units and lenticular bedding 
(Figure 10) in finer-grained units.  Isolated trough cross-beds 
up to 0.3 m thick occasionally cut the horizontally bedded units 
(Figure 8).  Sinuous-crested asymmetric and, more rarely, 
symmetric ripples with wavelengths of 5.0 to 14.0 cm and 
amplitudes of 0.3 to 1.0 cm are common.  Flat-crested or 
truncated ripples (Figure 10) and interference ripples are also 
present.  Raindrop or foam bubble imprints, mudcracks (Figure 
11), and tool marks are occasionally preserved. 
These sediments are extensively bioturbated, though to 
varying degrees.  On the scale of Reineck and Singh (1975, p. 
139) bioturbation ranges from sporadic to strong (1 to 60 percent 
destruction of primary bedding in a vertical profile).  Both 
horizontal and vertical burrows are present, and crawling traces 
are occasionally preserved on bedding planes.  Figure 9 shows 
moderate bioturbation in interlayered sand and mud bedding. 
Though subordinate to terrigenous sediments, calcareous 
sediments are abundant in this facies occurring as detrital 
grains, cement/matrix, -intraclasts ranging up to approximately 15 
cm in diameter, discontinuous beds up to a few centimeters thick, 
and as algal laminites.  The intraclasts are more abundant in ,, 
this facies than in the calcareous sandstone facies but are 
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;igure 9.  Interlayered sand and mud bedding - shale facies. 
Note abundant burrows (lacquered slab). ' 
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Figure 10.  Lenticular bedding - shale facies.  Note prominent 
vertical burrow (center).  Also, truncated, starred sand 
ripple (top) in mud suggesting (1) bedload transport of 
sand, (2) subsequent emergence runoff truncation of sand 
ripple, and (3) slack water deposition of mud. 
i i 
Figure 11.  Mudcracks developed on rippled surface - shale facies, 
otherwise similar in nature.  The few thin discontinuous beds of 
carbonate observed were composed dominantly of micrite with 
scattered allochems and terrigenous grains.  These heds did not 
exceed more than approximately 2.5 m in lateral extent and 
commonly exhibited soft sediment deformation features—either 
loadcasts or 'folds'.  In situ algal mats are uncommon and did 
not exceed .1.5 m in lateral extent.  These mats range up to 
approximately 4.5 cm thick.  They are thought to exist in place 
on the basis of (1) laminae and cavities floored by sediment 
identical to the surrounding terrigenous sediment (Figure 12) and 
(2) by the lateral extent—thin mats such as these would likely 
show some breakage or disruption if transported.  These mats have 
a laminoid fenestral fabric and individual laminae are flat to 
crinkly.  They exhibit occasional burrows and terrigenous 
sediment or spar filled cracks. 
Classification of the carbonate sediments in this facies i,s 
similar to that of the calcareous sandstone facies.  According £p 
the system of Folk (1962), most of these sediments are classified 
as sandy, disturbed, microcrystalline rocks.  The algal laminites 
are classified as biolithites.  By the classification system of 
Dunham (1962), these sediments are classified as wackestones or 
the algal laminites as boundstones. 
Microfossils and/or fossil fragments occur in carbonate 
beds, intraclasts, and admixed with detrital terrigenous 
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Figure 12. Algal laminite - shale facies. Note burrow (left 
center), sediment-floored cavities. Sediment in cavities 
is identical toienclosing terrigenous sediment. 
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sediments.  Precise identification of these fossils and fossil 
i 
fragments as to genus and species was not possible as they could 
not be separated from the rocks containing them by" nondestructive 
methods.  However, based on details of morphology and skeletal 
microarchitecture observed in thin section, fossil fragments of 
the following faunal groups, (phyla) are thought to be present (in 
order of abundance):  echinoderms, brachiopods, molluscs, and 
bryozoans.  Microfossil occurrences, restricted to 
carbonate-dominated sediments, included (in order of abundance) 
ostracods, gastropods, and foraminifera.  Other allochem grains 
consisted of pellets/peloids-abundant, intraclasts-common, and 
oolites-very rare. 
Noncalcareous sandstone facies 
Of the three facies identified within the study area, this 
is lithologically the most consistent.  It is composed of friable 
white to light gray (N9-N7), medium to coarse-grained sandstones. 
Locally these sandstones are iron stained light brown (5YR5/6) or 
weathered to a dark gray or grayish* black (N3-N2).  Isolated 
spots of iron oxides up to 3 cm in diameter, suggestive of 
weathered nodules ofjiron sulfides are occasionally present. 
Exposures which weather to a blackish color strongly resemble 
some gray sandstones (also black-weathering) of the underlying 
Burgoon Sandstone, but can be differentiated on the basis of (1) 
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a much higher mica content in the Burgoon and, (2) the presence 
of small coaly clasts in the Burgoon, but not in the Loyalhanna. 
Calcium carbonate is absent in this facies.  The general 
composition of the sand fraction is given in Figure 3.  In this 
facies, the mean monocrystalline quartz content was 83.1 percent, 
with a range of 80.8 to 85.A percent.  Rock fragment content, 
also dominantly of metamorphic origin in this facies, ranged from 
10.0 to 14.5 percent and averaged 12.4 percent.  Mean feldspar 
content was 4.5 percent with a range of 2.0 to 7.8 percent. 
Cementing materials consisted of quartz, microcrystalline quartz 
and clay/mica aggregates, and iron oxides, in order of abundance, 
respectively.  In general, clay and mica content in this facies 
is low.  The finer than 2 micron clay mineral fraction consisted 
entirely of illites in all samples (Figure 4). 
This facies typically occurs as 1.0 to 1.5 m thick, trough 
cross-stratified units (Figure 13) and occasionally as planar 
beds.  SixT measurements of dip directions of cross-strata 
suggested variable transport directions as southwest, southeast, 
and northwest dips were present.  Dip angles did not exceed 21° 
and set boundaries are sharp.  However, the occurrence of this, 
facies at the exposure on Rt. 322 (Figure 1)1 was restricted to a 
single massive, irregular lens-shaped body up to 1.3 m thick. 
This lens was composed of well-sorted, medium sand anld contained 
s 
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;igure 13.  Oblique view of gently-dipping cross-strata 
noncalcareous sandstone facies. 
7>7> 
i I 
roughly discoidal mud chips 2 to 5 em long and approximately 0.5 
cm thick in the upper part. 'These chips were identical in 
appearance to some parts of the overlying Mudrock Member of the , 
Mauch Chunk.  The contact of this lens with the Mauch Chunk is 
sharp; there is no evidence of reworking, i.e. interbedding, 
transitional beds. 
Individual cross-strata and planar beds typically consist of 
layers of medium to very coarse sand alternating with laminae of 
fine' sand to silt, which may be either continuous or 
discontinuous.  Sorting ranges from poor (Figure 14) to good.  In 
addition, some fine-grained laminae exhibit normal or reverse 
grading (Figure 15).  Truncated, straight-to-slightly sinuous 
crested ripple marks with wavelengths of 1.5 to 7 cm and 
amplitudes of 0.3 to 1.0 cm (Figure 16) are present but rare. 
Sporadic traces of bioturbation (1 to 5 petc^nt destruction of 
primary bedding) are present (Figure 15).  Parting lineations are 
occasionally preserved on bedding planes. 
Compositional Trends and Implications 
Terrigenous Sediments 
In general, the compositional analyses of the terrigenous 
component of the calcareous sandstone facies of this study are 
i 
similar to those reported by Adams (1970) for Loyalhanna arenites 
as a whole.  However, the results of this study do indicate a 
slightly less mature assemblage.  Adams (1970) reports means of 
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Figure 14.  Poorly sorted sandstone from cross-stratifieid unit 
noncalcareous sandstone facies.  Note scattered coarse to 
very coarse sand grains, silty laminae (slabbed sect'ion) . 
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Figure 15.  Silty laminae in medium- to coarse-grained sandstone 
from cross-stratified unit - noncalcareous sandstone facies. 
Note silt laminae in center disrupted by horizontal burrow, 
coarsening upward sequence (top center) deposited on ripple (?) 
form (slabbed section). 
36 
Figure lfa.     Truncated ripples I- honcalcareous sandstone facies. 
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81.5 percent monocrystalline quartz, 3.8 percent feldspar, and 
14.7 percent rock fragments when including polycrystalline quartz 
and heavy minerals.  This study indicates a 3.8 percent lower 
mean monocrystalline quartz content and a 4.9 percent higher mean 
feldspar content.  Rock fragment content is not directly 
comparable between the two studies as Adams (1970) does not 
i 
differentiate heavy minerals and rock fragments and this study 
neglects heavy minerals. 
i 
The reason for these differences is somewhat uncertain 
though part of the variation is attributable to error inherent in- 
the point counting method and the number of points counted in 
each study.  The compositional estimates of Adams (1970) are 
based on 200 counts per thin section while this study uses 300 
counts per section.  Assuming identical sediment composition in 
each study, the error at the 95 percent confidence level for a 
component which constitutes 80 percent of the total is ±5.6 " 
percent for 200 points counted and ±4.6 percent for 300 points 
counted.  For a component which accounts for 5 percent of the 
total, the error at the 95 percent confidence level is ±2.5   " 
percent for 200 points in reported mean monocrystalline quar,tjz 
content, and 4.5 percent in mean feldspar content between the two 
t ; 1 . studies is not attributable to differences in method.  These) > 
differences may reflect a number of factors, including proximity 
■ «. 
38 
to a source area, diagenesis, and energy levels in the 
depositional environment. 
One significant difference in the results of this study and 
those of previous studies is the variability of cementing 
materials within the calcareous Loyalhanna.  All previous workers 
(Salver, 1962; Adams, 1970) reported only carbonate cement within 
the calcareous Loyalhanna, rather than carbonate, quartz, 
quartz-clay/mica aggregates, and iron oxide cements as noted in 
this study.  The generally low calcium carbonate content of the 
calcareous sandstone facies (the mean of 5 samples was 6.5 
percent), presence of quartz, clay-mica, and iron oxide cements, 
and the presence of a noncalcareous facies support the general 
northward increase in terrigenous content reported by Salver 
(1962) and Adams (1970). 
In this study, the compositional and textural differences 
between the calcareous sandstone facies and noncalcareous 
sandstone facies indicate a significantly greater degree of 
sediment maturity in the noncalcareous sandstone facies.  Mean 
monocrystalline quartz content in the: calcareous sandstone facies 
was 77.7 percent and 83.1 percent in the noncalcareous sandstone 
facies.  In the calcareous sandstone facies mean rock fragment 
i ■ 
was 13.6 percent and mean feldspar content was 8.7 percent.  In 
the noncalcareous1sandstone facies rock fragment content averaged 
12.4 percent and feldspar content 4.5 percent. 
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The significance of the clay mineral distribution within the 
various facies remains uncertain.  The observation that kaolinite 
is abundant within the shale facies, rare in the calcareous 
sandstone facies, and absent in the noncalcareous sandstone 
facies seems to suggest a secondary origin.  However, kaolinite 
in calcareous rocks, is often assumed to be detrital as such 
environments are thought to be unfavorable for its neoformation 
(Millot, 1970 as cited in Polla'stro, 1981).  Nevertheless, 
authigenic kaolinite within the tests of microorganisms has been 
reported in both recent (Ehlman, et al., 1963) and ancient 
(Borst, 1972; Pollastro, 1981) calcareous marine sediments. 
Authigenic kaolinite associated with framboidal pyrite in 
organic-rich continental sediments was noted by Scheihing, et al. 
(1978) and Nuhfer and Pavlovic (1979).  However, while secondary 
pyrite is present throughout the,calcareous Loyalhanna, it does 
not occur as framboids, nor is it present in all samples 
containing kaolinite.  In addition, microfossils are absent in 
many samples containing kaolinite.  Examination of X-ray 
diffraction patterns of the finer-than-2 micron clay mineral 
assemblage from intimately associated sandstones, siltstones, and 
shales from the shale facies revealed no significant differences 
in either the frequency of occurrence or the abundance of 
kaolinite with variations in grain size.  Shelton (1964) 
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suggested that this indicates primary, though possibly 
recrystallized kaolinite. 
Calcareous Sediments 
The occurrence of thin beds of carbonate interspersed in 
terrigenous sediments, the abundance of large carbonate 
intraclasts, and in place algal laminites, and mixing of 
carbonate and terrigenous sediments indicates substantial though 
probably intermittent deposition of carbonate sediments in the 
Loyalhanna depositional environment.  This contrasts somewhat 
with the suggestion of Adams (1970) that significant carbonate 
deposition occurred only on the south and west flanks of the 
Loyalhanna shelf.  Adams (1970) did recognize local carbonate 
deposition but evidently carbonate sediments were less abundant 
than in the site discussed in this study. 
DEPOSITIONAL ENVIRONMENTS 
Calcareous sandstone facies 
A marine environment for this facies is clearly indicated by 
the presence of marine fossil fragments (echinoderms, 
brachiopods, etc.) throughout the sediment mass as well as the 
presence of carbonate intraclasts.  When taken in this context, 
the variability in set thickness (0.04-3.0 m) and foreset dip 
direction and angle (10°-40°), sharp set boundaries, and 
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reactivation surfaces in cross-stratified units (2.0-3.0 m) 
'i 
suggest the influence of tidal processes (Klein, 1970. .1971). 
The large scale of some cross-^stratif ied units, low degree of 
bioturbation, and absence of indications of emergence, such as 
mudcracks, or truncated ripples, suggest a subtidal environment 
(Klein, 1970; Driese, et al., 1981).  The channel-like 
morphologies of some cross-stratified units and sharp scour or 
truncation surfaces paved by intrafonnational conglomerate lags 
imply significant erosion, possibly resulting from tidal scour or 
storm generated currents (Reineck, 1967; Driese, et al., 1981). 
The abundance and large size of the carbonate intraclasts which 
commonly mix with the enclosing terrigenous sediment or exhibit 
soft-sediment deformation features (load casts and associated 
flame structure or bands of lime mud paralleling foresets and cut 
by burrows) argue for a very short transport history for these 
clasts.  These-masses of soft lime mud and sand would probably 
not survive any significant transport in a relatively high energy 
environment as suggested by the large scale cross-strata and 
scour surfaces.  A probable intertidal or supratidal origin for 
the carbonate intraclasts is suggested by the stromatolitic 
nature of some examples (Heckel, 1972; Dodd and Stanton, 1981). 
Thus, a shallow,subtidal environment, possibly tidal channels or 
estuarine is indicated.  Tidal scour and conglomeratic lags are 
common in tidal channels (Klein, 1970).  In addition, this 
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interpretation is supported by the association of this facies and 
the shale facies (seie following section). 
Shale Facies 
The sedimentary and biogenic structures and lithologies 
observed in this facies indicate deposition in an intertidal to 
possibly supratidal environment.  The presence of mudcracks, 
raindrop or foam imprints, truncated ripples, and interference 
ripples indicate intermittent exposure and late stage emergence 
runoff alteration of the sedimentation surface, characteristic of 
intertidal to supratidal deposits (Klein, 1971, 1977).  In 
addition, the presence of stromatolites is a good indication of 
intertidal or supratidal environments "particularly when they are 
found associated with other faunal or sedimentary evidence for 
those environments" (Dodd and Stanton, 1981).  Without precise 
identification of microfossils, faunal evidence is lacking, 
however, the variety of (above mentioned) sedimentary evidence is 
strongly indicative of such an environment. 
The dominant bedding types in this facies, flaser, 
■lenticular, and interlayered sand and mud suggest alternation of 
tidal current bedload transport of sands with slack water 
deposition of muds from suspension, a common process on modern 
tidal flats (Ginsburg, 1975; Reineck and Singh, 1975; Klein, 
1977) . I Pervasive and varied types pf bioturbation are also 
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common in tidal flat sediments (Reineck, 1972).  In addition, the 
evidence of alternating erosion and deposition as indicated by 
channel forms and carbonate intraclasts also suggest tidal flat 
deposits (Ginsburg, 1975).  Thus, abundant evidence is present to 
indicate a tidal flat origin for this facies. 
■ . j ■ 
Noncalcareous Sandstone Facies 
The poor sorting exhibited in some samples and the presence 
of mud chips and parting lineations suggest subaqueous deposition 
rather than eolian as suggested by Berg (1980).  As there is no 
indication of the deposit containing the mud clasts being 
reworked by the Mauch Chunk depositional process (sharp contact, 
absence of transitional beds/interbedding), these clasts must 
have been deposited by wave or current action in the environment 
of deposition of this sedimentary body.  The association of this 
deposit with marine subtidal deposits (i.e. overlying large-scale 
cross-bedded units containing marine fossils - the calcareous 
sandstone facies), sharp set boundaries and variable dip> 
directions of cross-strata in other, exposures of this facies 
suggest a tidal deposit (Klein, 1977) rather than fluvial.  The 
presence of truncated ripples indicates emergence runoff 
alteration of the sedimentation surface, an intertidal process 
(Klein, 1971, 1977).  When compared to the other facies of the 
Loyalhanna, the relative compositional and textural maturity 
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(higher mean monocrystalline quartz content, lower mean feldspar 
and rock fragment content, low detrital clay content, absence of 
carbonate) and generally coarser grain size indicate a high 
energy environment, possibly reflecting wave action.  This facies 
may reflect beach or sandbar deposits (see Knight and Dalrymple, 
1975). 
SUMMARY STATEMENT - DEP0S1TI0NAL ENVIRONMENTS 
According to Ginsburg (1975), the sedimentary structures 
diagnostic of siliciclastic tidal flat deposits can be placed 
into four categories reflecting: (1) rapid reversals of currents, 
(2) alternations in strong current and slack water deposition, 
(3) intermittent subaerial exposure, and (4) alternating erosion 
and deposition.  Ginsburg (1975) further states that "if a 
section of fossil marine sediment has unequivocal examples of 
structures from all four of these categories, or from the first 
three, most sedimentologists will interpret it as a tidal flat 
deposit or tidalite...".  Structures indicative of all four 
processes are present within the Loyalhanna.  Reineck (1972) 
states that the criteria for recognition of tidal flat deposits 
includes bioturbated horizons.  Klein (1977) noted that a wide 
variety of biogenic structures occur in tidal flat sediments. 
Evidence of bioturbation (burrows, tracks on sediment surface) is 
present throughout the Loyalhanna as examined in this study, but 
is particularly intense and varied in the shale facies. 
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DEPOSITIONAL MODEL 
The 2 to 3 meter thick cross-stratified units exhibiting 
high-angle foreset dips are interpreted as representing sand 
waves (as suggested by Adams, 1970) deposited in the deeper parts 
of large channels.  The small-scale trough cross-stratified units 
and planar beds within the general sequence of large-scale 
cross-stratified units may represent small megaripples or other 
bedforms superimposed on the sand waves or, deposited prior to 
the sand waves.  The large-scale troughs common towards the top a 
sequence through the calcareous sandstone facies are suggestive 
of channel fills, however, some may represent large megaripples 
deposited in shallower channels or on sand waves.  The tabular 
cross-stratified units with low-angle foreset dips may represent 
longitudinal cross-stratification generated as point bars in 
laterally migrating channels.  A general vertical sequence 
through the calcareous sandstone facies is interpreted as a 
shallowing-upward subtidal channel deposit. 
The sediments of the shale facies are interpreted as 
intertidal to possibly supratidal flat deposits.  During periods 
of low influx of terrigenous sediments, carbonate sediments were 
deposited locally.  Storm events or strong tidal currents 
intermittently eroded these calcareous sediments depositing them 
in the channels- draining the tidal flats or on the flats 
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themselves.  The occasional isolated troughs probably represent 
small channels dissecting the flat surface. 
The noncalcareous sandstone facies is interpreted as having 
been deposited as sandbars and/or beach sediments in a high 
energy intertidal environment.  Combined wave and tidal current 
action may have removed much of the fine-grained and unstable 
fraction of Loyalhanna sediments, or eolian processes with 
subsequent reworking in a marine environment may be responsible. 
Loyalhanna sedimentation ended with the progradation and 
deposition of the overlying Mauch Chunk fluvial-deltaic 
sediments. 
CONCLUSIONS 
The results of this study indicate the following 
conclusions:  (1) Loyalhanna sediments were deposited in a 
nearshore marine, shallow subtidal to intertidal environment, 
probably involving estuaries or tidal channels, tidal flats, and 
beach or sandbar settings, (2) the environment of deposition was 
dominated by tidal processes though probably influenced by storms 
nad wave action, and (3) significant but intermittent deposition 
of carbonate sediments occurred within the Loyalhanna environment 
of deposition in the study area. 
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APPENDIX I - Preparation of Clay Minerals for X-ray 
Identification 
1) Disaggregate (lithified) bulk samples by placing sample and 
distilled water in beakers and then in ultrasonic bath for 
periods of 8-10 hours. 
2) Coarse particles removed with tweezers and further 
disaggregation in mechanical (wrist-action) shaker (20 min.) 
after addition of dispersing agent (sodium hexameta 
phosphate 50.0 g/1). 
3) Wet sieving to remove sand fraction. 
4) Centrifuge suspensate to remove silt (3 runs). 
5) Oriented slides of finer than 2u fraction prepared by filter 
membrane peel method (Drever, 1973). 
6) Air-dried slides scanned on Phillips Powder Diffractometer 
from 2°-15° 20. 
7) Glycolated slides scanned from 2°-15° 20. 
8) If peak at ~12.5° 20 (chlorite/kaolinite) heat to 600°C for 
30 minutes (Note: slide must be removed from oven slowly or 
it will crack) to collapse kaolinite structure, chlorite 
unaffected. 
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APPENDIX II - Representative Study Locations and Sections 
Exposed 
Location:  Sandy Ridge, Pennsylvania 7%-minute quadrangle, 
roadcut on Route 322 approximately 8 km SE of town of Philipsburg 
at 40°51,15"N/78oll,15°W. 
Stratigraphic Section: 
(Top):    (1)  Lower Mudrock Member of Mauch Chunk Formation 
approximately 3 meters exposed, olive gray (5Y4/2) to 
dark yellowish brown (10YR4/2), highly micaceous 
sandstone, locally containing poorly preserved plant 
remains and detrital coal(?). 
(2) Noncalcareous sandstone facies - (Loyalhanna) 0 to 
1."%  meters thick (exposed only on eastbound side of 
roadcut), white, clean sandstone upper part contains 
clasts of overlying Mauch Chunk. 
(3) Calcareous sandstone facies - (Loyalhanna) 
approximately 10 meters thick, corss-bedded calcareous 
sandstone, limestone clasts. 
(4) Shale facies - (Loyalhanna) approximately 4 meters 
thick, interbedded shales, siltstones, and sandstone, 
carbonate beds and limestone clasts locally abundant. 
(5) Calcareous sandstone facies - (Loyalhanna) 
approximately 6 meters exposed (base covered), 
cross-bedded calcareous sandstone, limestone clasts 
less abundant(?). , 
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APPENDIX II (cont.) 
Location:  Snpw Shoe SE, Pennsylvania, 7%-minute quadrangle, 
Carlin Quarry - off Route 144 approximately 7 km E of town of 
Snow Shoe at 41°02'30"N/77°52'15"W. 
Stratigraphic Section: 
(1)  Noncalcareous sandstone facies of Loyalhanna 
approximately 5 to 6 meters exposed, no contacts exposed, 
white, clean sandstone, cross-bedded to planar bedded. 
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APPENDIX II (cont.) 
Location:  Snow Shoe, Pennsylvania, 7%-minute quadrangle, small 
strip quarry adjacent to eastbound lane of Interstate 80, 
approximately 200 meters east of Snow Shoe interchange at 
41o01'I6"N/77o56'03"W. 
Stratigraphic Section: 
(1) Channel filling (?) conglomerate (Olean conglomerate of 
Pottsville Group(?)), coarse quartz pebble conglomerate, 
approximately 1 meter exposed. 
(2) Noncalcareous sandstone facies of Loyalhanna 
approximately 3 meters exposed, white, clean sandstone, 
cross-bedded to planar bedded, some ripple marks. 
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APPENDIX III - Compositional Estimates from Petrographic 
Analyses - 300 point counts/thin section 
Monocryscalline  Rock Fragments  Feldspar 
Sample  Facies    Quartz (%) (%) (%) 
1 calc. ss 78.5 
2 74.8 
3 74.9 
4 82.7 
5 76.6 
6 79.9 
7 76.0 
8 shale 78.5 
9 noncalc. ss 81.8 
10 80.8 
11 82.2 
12 85.4 
13 83.2 
14 83.3 
15 85.0 
16 82.2 
17 84.0 
12.9 8.6 
13.9 11.3 
14.9 10.2 
10.0 7.3 
15.3 8.0 
13.6 6.5 
14.9 9.1 
13.9 7.6 
14.1 4.1 
11.4 8.8 
12.2 5.6 
12.6 2.0 
14.5 2.3 
12.4 4.3 
10.0 5.0 
13.5 4.3 
11.0 5.0 
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